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(contexte physique de B)
Espace de tuples visible de B
read... C
read...
A
Espace de tuples locaux
B
Zone contextuelle
C
A
B
<25,"vert">
<12,"rouge">
<"Pierre",12> <"Pierre",12>
<12,"rouge">
<25,"vert">
<234>
<5.15>
<234>
<5.15>
 

$ 
 #-. #,^34ﬃ" )#)" ,
$
%0/ 2wub3ŁmxL£be¢£bequl|¢b3=lµ{%xLwjwubYij|6xm`k}l
axmqj£³b%qU¢bwub%qjwubeob¢; bYij|`km{3b#b#qjl|¢bYi&%
$
/ 2ebNitqU«obYLqu=lb» %p]xLwja,«iLl`be¢b#qjl`|¢£bwub3ŁLx(smhr bNitqU|`kLi^wjb3qjwjhL¬
]oV|¢l`ij£bYlwi[qul|¢bYi^{%xLwjwubYij|VxL`obYLq»ﬃlaxmqj£t¯oµ`k!{]`xm«i~6k}lp]Vkmiuk}w,¢£brqjl|¢bewjbY=ŁLx(smh|`kmw %
xLl 	6¬IµbNirxL|VhYwuk}qjxm`i ,% b3q pwubYi~qjbY=qA¡¢xoLl`h3bYiQytl`iu=lµ »¢; xL¡oqjbYLqu£xL ° l¨qjl|¢bm¯°{3b=l
|6b3wua,b%qrobijs`{]wuxm«i~bYw^¢£bNi^|wjxo{3bYiui~l`i^ijlw¢; xo{3{3lwuwjbY`{%b#° l³qjl|`¢£bL¬
  IÂY
LÂ8/ÁV 
pÅ  
(ÁµÄﬁBﬃµﬁﬀ 	°ﬁ bﬃ{%xLLqub%nqjb|`]=soij=lbob¢; loqj¢£«iuk(qjbYlwUbNitqUwub3|wuhYijb3=quh
|Vk}wﬃ¢; bY`ijb3a!¡`¢£bpbYi!xmhYbYiﬃ=l/¢£l`/ijxm=qkm{Y{%bNijij£¡`¢£bNi3¬9]xLl`iﬃ{]xLijiuijxm`iobpwjbY|wjhNi~bY=qjb3wﬃ{3bYi
xmhYbYi/|`k}wobYi/qul|¢bYiY¯km¢£xLwui[¢£bea,hY{3km«i~a,bAbA{%xLwjwubYij|6xm`km`{%brb3=qjwubUqul|¢bYi/b%q^axmqj£ºi|VbYwja,b%q
b#ijh3¢bY{%qjxm`b3wUij£a,|¢b3a,b3=qUl`bﬃoxm`h3bob3|`liU¢£b{%xL=qjb%nqubm¬
¾Al¤|6xmLqeŁlb!obﬃ¢; £a,|¢«k}=quk}qjxmµ¯I{%bN{%bYi~qrwjhNk}¢ijhb3¨k(ytxmlquk}=qrkm`ir{]Vkm=lbﬃ{3km¢{3l¢«k(qjbYlwrl`
bNi~|Vkm{%bUbUqjl`|¢£bNi3¬k AYxmbA{%xm=qub%nqjlbY¢£¢brobNi)qul|¢bYi{%xmwuwubYij|VxL`,»¢kA3xm`brobr{3xma,a!l`{Yk(qjxm¦l
{Yk}¢«{%l¢«k(qub3lwN¬µb#{%xm=qub%nqjb#ob#¢9 loqu£¢iuk(qub3lw^bNitqk}¢xmwiQwub3|`wjhNi~bYLquhr|`kmw/¢; b3`ijb3a¡¢£b#obNiqjl|¢bYi^kL{3{%bNit­
ij¡¢£bNi3¬L¶/b3q[b3`ijb3a¡¢b^{3xmwuwjbNi~|6xmV!»e¢9 lxmobNiﬁbYij|`km{3bYiﬁob^qul|¢bYi[obNi){3km¢{3l¢k}qjbYlwuiﬁkXŁLbY{¢£bNij=lbY¢i
¢o|6b3loqQ{3xma,a!l`=lbYwY¬(µxLwuiu=lb¢9 k}||`¢£«{3k}qjxm,{]b3w{]b^»rb3n=quwukm£wublboxm`h3b^|`kmw~qu{3l¢£_3wub^obUi~xL
{3xm=qjb3nqjbm¯¢£bi~soi~qj_3a,b¦bYŁmxmb¦l`b¦wjbN=l '%qubp»¤{]`kL{%lOobNiﬃ lVi{3xm`bY{DquhYiY¬9HUxLl`ikXŁmxmVioxm`{
l`¤bYij|`km{3b!ob!qjl|¢bYieo«itquwj¡lhi~l`wr|¢l`ij£bYlwuiAakm{]bNi3¯Va,kmiA=lbNitqeŁl {%xLaa,bl¤bYij|`kL{%b!ob
qul|¢bYim¢xm¡`km¢/|Vk}w!¢bYik}|`|¢£«{3k}qjxm`iY¬ﬁk`Llwub

¢¢£l`i~qjwub{3bY{39¬ HUxLl`ikXŁLxm`iﬃqjwuxm«i!{Yk}¢«{%l¢«k(qub3lwi3¯
{]Vkm{%l`kmiuijx{3£he»!l`b A3xm`be{3xm=qjb3n=qulb3¢¢bm¬o¾Akm`i^l
i~xLl`{%°ob#¢ij£¡`£¢²quh#xml`ib#wub3|wuhYijb3=quxm`i/|`kmi
¢«k A3xLbrol¦{Yk}¢«{%l¢«k(qub3lw -A¬=[ bYij|`km{3bŁij£¡`¢£brl¦{3k}¢«{%l`¢k}qjb3l`w- :9{%xLLqub%nqjb|`]=soij=lbE;ﬁbYi~q/{3xm`i~qj£qjlh
bU¢9 lxm¦bYi)bNi~|`kL{%bNi[obqul|¢bYi[¢xo{3kmlonobNi)quwjxLi[{Yk}¢«{%l¢«k(qub3lwiY¬}µxmwiuLl`b -½{]bYwu{]`bl`broxLh3b
`k}`i#ijxm {3xm=qjb3n=qubm¯Ib3Æ|¢l`i#° £=qjbYwjwuxmLb3wei~xL bYij|`kL{%b!¢xo{3km¢0l`b,wjbNLl '%qjbbYi~q#b3Łmx(sLh3bﬃŁLb3wiAz b%q
l`bﬃk}loquwjbNiŁmb3wir¶A¬
¾Ab|¢l`i3¯(¢bYiﬁa,hN{3k}`ija,bYi)obijs=V{]wjxL«ijk}qjxm!ob£``k¯(|6b3wuab3q~qub3=qQobi~s`{]`wjxLijb3w0¢; km||¢²­
{Yk(qu£xL i~l`wA¢; km||`kmwj£qjxm µ lÆ{%xLLqub%nqjb|`k}wjqj«{%l`¢£b3wN¬6xmwij=lb¢9 k}|`|¢£«{3k}qjxm {]`b3w{]bﬃlb,oxLh3b
|Vk}wjqj«{%l¢£_Ywjb|Vk}wr¢; £=qjbYwja,hNokm£wub!° l %°¯`¢; xm|6h3wk(qjxm wubYi~qjbYwuk,¡`¢£xo=lh3bUytl`ij=lµ »¦¢; k}||`kmwj£qjxm¤l
qul|¢bﬃ{%xLwjwubYij|VxL`kmLqkm`i¢bﬃ{%xm=qub%nqjbb3qroxm`{ytlVij=lµ »{%bﬃ=lb¢bﬃ{%xLLqub%nqjb|`]=soij=lbob!¢9 loqj¢²­
iuk(qub3lw{3xm`{3xmwobm¬¾Ah%qubY{Dqub3wl {3xm=qjb3n=qub#wjbYŁ=b3=qUoxL`{#»oh%qubY{Dqub3w¢bYiqul|¢bYiU{3xmwuwjbNi~|6xm``k}=qY¬
/ﬃ0 _/21
 
	
ﬀﬂﬁﬃﬂ !ﬃ#"$ﬃ%&"'()*"$+,!-./0ﬂ12#,3'34
m
   
ﬀº ﬁ
 
 ﬀ Ä ﬀJ ﬁ#ﬁ   ﬁ  = mﬃ>=bNitqﬁla,¢£bkmwjboh3ŁLb3¢xm||6hQ|6xmlw)kmobYw0»A¢«kU|wuxmLwukmaak}qjxm
µ km||¢{Yk(qjxmVioi~qjwu¡lh3bNi,£V{%¢l`k}=q¦obYi¦ l`i nobNi,b%q¦a,xm¡¢bYiY¬)·®¢UbYi~q,xm`oh¤ijlw¢«kÆx}qu£xL
µ kmmb3=qi/a,xL¡£¢bYiUb%qr° bYij|`km{3bobeqjl|¢bYiU|`k}wjqukmmhm¬o¾Abx}quwjbﬃ{3x}quhm¯oxLl`i^xmlVi^£=qjhYwjbNijijxmVikml {3kmi
bYi^ l``i^axL¡¢£bNib%qr{3xm`ijh3wuxm`i=lµ ¢«iUi~xL=q^hN=l£|6hYiµ l`b£=qjbYw~ºkL{%b#wuhYijbYk}l³iuk}`i`¢;¬
8rOk}mbY=qﬃaxL¡¢£bbNitq!l` |wjxLmwk}a,a,b{3k}|Vk}¡¢b° kmwjw '%qub3wﬃijxm±b%nohN{%loqu£xLµ¯oba,mwub3w!ijlwﬃl`
kmloqjwub l`OŁ=«k ¢b¦wuhYijbYk}l±b3q ``km¢£bYa,b3=qob¦wub3|`wjbY`owub¦i~xL b%nohY{3loqjxmµ¬·®¢/bNitqk}loquxmxLab¦`k}`i
¢bpijb3`iﬃx\±¢k ohY{3ij£xL ob¦a,£LwjbYw¢£l`/k}|`|`k}wjqjb3=qY¬µbYi!wukmijxmVi° l`b¦a,£Lwuk}qjxm±i~xL=q!o£ŁLb3wi~bNi3¯
{3b3|6b3``k}=qY¯/¢k±|¢l|`kmw~q
ol©qjbYa|Vi¦l¥kmmb3=q¦a,mwub |`k}w{%b =lµ £¢ek ¡VbNi~xL£§° lb¨wjbNijijxml`wu{3bxLl
b¨oxLh3bNi¦|wuhYijb3=qubYipijlwl?k}lqjwub  l`µ¬/v)k}wb%nob3a,|¢bm¯i3 ¢eoxL²q
b%ªIbY{%qjlbYwl¥qjwk}£qjb3a,bYLq
ijlw
l?bY`ijb3a!¡`¢£b±ob¨xmhYbYi³o«itqk}=qjbNi3¯¢ea,mwub3wkOijlw¢bÆ l`?{3xm`{3b3wuh¤|6xmlw³¢; b3ª6bN{Dqulb3w
¢xo{3km¢£bYabY=qY¬X¶/xL=qjwk}wjbYabY=q»U¢; km||wuxo{]bQ{%¢b3=q }i~bYwjŁLb3lwN¯Db3amwk}=q£wubY{%qjb3a,bYLqﬁi~l`w¢bYi l`i
|6xml`wb3ª6bN{Dqjl`b3w¢b3lwiﬃquwukm²qub3a,b3=qi3¯ﬁ¢bYik}mbY=quiaxL¡¢£bNi|6b3wua,b%qjqjb3=q¦° hY{3xmxLa«ijb3wb¢«k ¡Vk}`ob
|VkmiuijkmLqubrb3qijl||6xmwjqjbY=q^|`¢£l`iºkL{%¢£bYa,b3=qUobYiohN{%xLb%noxm`i/wuhYijbYk}l¬ =l`k}¢ Vbeob#¢xmL=lbe¢k
a,mwk(qu£xL³µ l¨k}mbY=qﬃ¯6kml¤i~bY`iUxLl ¢9 k}Lb3=qri3 bYi~qAohY|¢«km{%hi~lwAlbk}loquwjbl`²quh° b%nohY{3loqjxm¬Vk
a,xL¡£¢£qjhﬃobNi^ l`i{3xmwuwjbNi~|6xm`pb3¢¢£bﬃ»l`baxL¡¢££qjh#|]soi~«=lbm¬
vﬁxml`w¢£bYlwui{3xma,a!l`{Yk(qu£xL`i3¯°£a,b,xml`wj£qﬃk}lonÆk}mbY=quiel±a,hY{3km«i~a,b° bYij|`km{3bob,qul|¢bYi
i~qjwu£¡`lhm¬}zr£`ij;¯}{]`km{3l° b3ln!|Vx=ijij_Yb/lbYij|`kL{%b^obqjl|¢bYi)=lijboh3|`¢kL{%b^kXŁmbY{/¢l9¯(¢; bYij|`km{3bob
qul|¢bYirŁ=«ij£¡¢bbYi~qA{3xm`i~qj£qjlhﬃbﬃ¢9 lxm¤bYibNi~|`kL{%bNiobqjl`|¢£bNirobNiUk}Lb3=quir{%xm`bY{%qjhYiY¬8r¤k}mbY=q
bNitq{%xmVi~«oh3wuhU{%xLa,abA{%xm`bY{%qjhU¢xmwij=lbUijxm l`,] }qubU¢; bNitqN¬=bYi[kmloqjbYlwuiQxm=q/{]xLij£qQ¢£braxoo_Y¢£b
£Vk|VxLlwUi~bNi^|Vx=ijij¡£¢£qjhYirobi~s`{]wuxm`iuk(qu£xLµ¬
Q kmwu{]£qjbN{DqulwjbUb |VbYwja,b3qiuk}`i[{3xm=qjbNitqubrobr{3wjhYb3wQbYiQ{3xm=qjb3nqjbYiQ|]soi~«=lbYi)b3qoxL`{Uob
|`wjxLmwk}a,a,b3wUobNiAkm||¢{Yk(qjxmVir{%xL=qjb%nqulb3¢¢£bNirkXŁLbY{#¢; km||wux{]`bﬃ|]soi~«=lbm¬/7[¤b%ªIb%qN¯Il k}Lb3=qrb
|6b3lqrkm{3{3hYobYwU»¢9 bYij|`km{3bob#qjl|`¢£bNiU° l k}loquwjb=lbﬃiY ¢µ¢lµbYi~qU{%xLbY{%qjhL¯`k}loquwjbYa,b3=qUo²qr=lbﬃiY £¢
bNitqek}`ieijxm |6h3wu£a,_%quwjbob{3xma,a!l`{Yk(qjxm¬VzU`ij9¯6a '3a,bij{3b!µ bYi~qA|Vkmirh `0b%no|¢«{%£qjb3a,bYLq
`k}`i^¢b#axoo_Y¢£bﬃbﬃ{%xmV{%b3|qjxm³ob °¯xmlVi^|VxLlŁmxL`i{%xL`i~«ohYwjbYw^=lb#¢bYiqul|¢bYiUijxm=qUitquxo{ mhYi
`k}`i¢; bYij|`km{3beb3qrxm=qU|6xmlwAYxmbﬃ{3xm=qjb3nqjlbY¢£¢b¢£b|6h3wua_3qjwubﬃob!{3xma,a!l`{Yk(qjxm
¢b3lwU] }qjbL¬`¾ek}`i
¢b{YkmiA° =qjbYw~ºkL{%b!wuhYijbYkml loqj¢iuk}=qebYiAxm`obNirwkm£xV¯`¢bYirqjl|¢bYiexLLqrqjxmlVirl`b!xLwja,bij|]hYwj«=lbm¬
]ob3l¢b ¢kÆŁLb3wi~xm a,xm¡¢£b ob¤£a,b |6b3loq'%qjwub¤{%xL`ijohYwjhYb
{3xma,a,b |]soi~«=lbm¯[km`i,¢b¤{3kmiµ l
wuhYijbYkml `¢km£wubr¢bYi[qjl|`¢£bNiQbei~xL=q/|¢l`i/¢£xo{3kmlon°¯mak}«ikm{3{3bYiui~¡¢bYi[b3|l«i/µ a,|VxLw~qubA=lbY¢V|6xm=qY¬=·®¢i
`be|6b3l`Łmb3=qroxL`{e|¢l`i '%quwjb{3xm`ijh3wuhYi^{%xLaa,bh3quk}=qUobNioxm`h3bYi{3xm=qjb3nqjlbY¢£¢bYiY¬
ÀÁ # Å ﬁ #ﬁ
(Á  
O Â ﬀºÁ  µbNi0kmmbYLqiﬁkm{3{3_YobY=qﬁ»e¢; bNi~|`kL{%b^obqjl|`¢£bNi)kXŁmbY{obNixL|VhYwuk}qjxm`i
ija¢«k}wjbNi)»ﬃ{%bY¢£¢bYi[h `bYiQ|`k}w/µ`k¯L¢k²ªIh3wub3`{3bUh%qk}=q/=lµ l¦k}Lb3=q[|6b3loq/ij|6hY{% `bYw/ij¢9 xm|6h3wk(­
qu£xLkmm£qﬁijlw)i~xL!bNi~|`kL{%bobqjl|¢bYi0xLl!¡b3,i~l`wﬁ{3b3¢lo° lkmloqjwubm¬(zr£`ij;¯(lkmmbYLqA	 |VbYloq[k(ytxmlqjb3w
l`qul|¢bﬃb3³|wuhY{3iuk}=qU=lµ £¢ijb3wk,itquxo{ mhk}Vi^¢9 bYij|`km{3bobqjl`|¢£bNiU° l k}Lb3=q
	¦¬]o	µ bYi~qr|`kmi
{3xm`bY{Dquh»?	!¯°¢£b,qul|¢bbYi~qﬃitqux{ Lh`k}`i#¢; bNi~|Vkm{%bobqul|¢bYiﬃob8	 ytl`iu=lµ »¢«k³{%xLb%noxmÆob	¦¬
8r
kmmbYLq|VbYloqh3=k}¢b3a,b3=q/b3nohY{%lqjb3w^l`bAwubY=l '3qjb#obeqts=|6b b3|wjhN{%«ijkm=qij°¢k!wjbN{]b3w{]brbNitq
ºkm²qubﬃi~l`w¢9 bYij|`km{3beb#qjl|¢bYiUm¢xm¡`km¢6xLl i~bYl¢£bYa,b3=qUi~lw¢; bYij|`km{3b#µ l kmmb3=qUoxLhm¬
zrlon|wua£qjŁmbNiﬁ{%¢«kmiui~«=lbYiﬁobµ`k wuk}ytxmloqub/l`a,hY{Yk}«ijabob^wuhYkL{DqjxmVi3¬([ xm|6h3wk(qu£xL
$"/"   2[b3nhN{%loqub¢£bU{3xoob "r¢xmwij=lµ lqjl|¢br{3xmwuwjbNi~|6xm``k}=qﬁkmla,xmqj£ bYi~q[k(ytxLloqjhL¬ 
ijlwuŁmbY£¢¢£b|Vk}wr¢; £=qjbYwja,hNokm£wubﬃ° l¤|wuxo{%bNijijl`iUijh3|`kmwjh¢; b3`ijb3a¡¢£bobYirwjhNkm{Dqu£xL`i|6b3``k}=qjbNi3¬^8Ub
_`_
Ûbadc)e)f.g
}  
, *bﬃ,ﬀ- 	*ﬀ
wuhYkL{Dqu£xLÆbNitq!hY{%¢b3V{]h3b¦¢xmwiﬃobp¢9 k}||Vk}wu²qu£xL±µ l±qul|¢b{3xmwuwjbNi~|6xm``k}=qY¯°=l[ºkm²q,i~l`²qubpi~xL²q!»
¢; £`ijb3wjqjxm ol
qul|¢bﬃ|`k}w¢; k}mbY=qU¢£l£­Ìa('Ya,bm¯`ijxm£qr»,¢k{3xm`b%no£xL ° l`³kmmbYLqU|6xLiuijhYkmLq¢b#qjl|`¢£b
{3xmwuwjbNi~|6xmVk}=qY¬XzUlqjwub3a,b3=qQo£qY¯L¢kea,xm¡¢²quh|]sij«Ll`b^bYi[kmmb3=qiI:9{%xLb%noxm`iﬁb3qQohY{3xm`b%no£xL`i.;
|6b3lqohY{3¢£bY`{]bYwobYiµwjhNkm{Dqu£xL`iY¬HUxmqjxmViµ=lb[µ`kxmª6wub[k}lVijijmobNi°|Vx=ijij¡£¢£qjhYiob)|wuxmLwukmaak}qjxm
wuhYkL{Dqu£ŁLbm¬I¶/bY|VbY`kmLqN¯°i~ﬁ¢; xL¤ŁmbYloq#ijlwuŁmbY£¢¢£bYwr¢; xo{Y{%lwuwjbY`{%bob|`¢£l`ijb3lwiUqul|¢bYi#ij£al¢²qk}hYa,b3=qY¯
¢Q`xml`i#ºkmloql` |wjxo{3bYiui~l`i#|Vk}wqul|¢bijlwjŁLb3¢£¢hm¬ﬁ¶/b%q~qubpijxm¢loqjxm±µ bYi~q!|`kLiﬃ|6b3wjxmwua,km=qjb,b%q!|6b3l
|`wuk}qj«Ll`bm¬
  ﬁÅﬀ9Ä oÂﬁﬀºÁ  v)kmwja,`¢bYik}|`|¢£«{3k}qjxm`iQwjhNk}¢iuk}¡`¢£bNi[kXŁmbN{
 °¯L¢bYik}loqub3lwi[|`wjhNi~bYLqub3=qQxmqukma­
a,bYLqUl`,ytb3l {%xL`i~«i~quk}=qb3 l`bﬃ{]`kmiuijb#kml owukm|VbNk}lºk}£qjbﬃ|Vk}wUobYlonhNLl`£|6bYiD= Lﬃ>;¬V[ k}||¢«{3k(qu£xL
²ªIl`ijbbY¨|6b3wuak}bY`{%blb,Łlbb¢; bYŁ=wuxmbYa,b3=qA`{%¢l`kmLq#¢bYiexm¡oytb3quie|wuxo{]bYiek}`ij0=lb¢k
|6xLij£qjxmpobNi^{%xhY=l|b3wi3¬=[ £=qjhYw '3q^be{3b[ytb3lwjhNi~«obek}`i¢bYii~a,£¢«k}wu£qjhYi=lµ £¢I|`kmw~qk}mbAkXŁmbY{robYi
ij£qjl`k}qjxm`i^wuh3bY¢£¢bYiqub3¢¢£bNiLl`b¢9 b%no|¢xmwk(qu£xL° l
qjbYwjwk}p`{%xLl³|`k}w^l³mwuxml`|Vbob#wuxm¡6x}qY¬
    

ﬁ"#
 
 ﬀ Ä ﬀJ ﬁ#ﬁ

 ﬁ ]ovQf7QzA¾ =

>µbYi~qlbYŁ=wuxmbYa,b3=qohNoh#»¢«k!|`wjxLmwk}a,ak(qjxm¦µ km||¢²­
{Yk(qu£xL`iﬃ{%xL=qjb%nqulb3¢¢£bNikXŁmbN{,¢9 k}||`wjxo{]b,|]soi~«=lbm¬·®¢Q|wuxm|6xLijb,lbpkmwu{]£qjbN{Dqulwjb,|6b3wua,b%q~qk}=qob
wuhYkm¢£«ijb3wb%qak}|l¢b3wk}«i~hYabY=qobYi{%xLLqub%nqjbNiﬃ|]soij=lbNi3¬`]ovQf7QzA¾ |`k}wjqob¦¢«k¤{3xm`i~quk}quk(qu£xL
=lµ lbeoxm`h3br{3xm=qjb3nqjlbY¢£¢brbNitqb3mhYh3wk}¢6kmiui~xo{3£hYbU»ﬃlbAb3=qj£qjhA|]soi~«=lb[¹m¢b3lµ¯=xm¡oytb3q/xLl|VbYw~­
ijxm`bm¬=µbYi{3km¢{3l¢«k(qjbYlwi[ijkm`i V¢6Lh3wk}=q[¢bYioxm`h3bYi/{%xLLqub%nqjl`b3¢¢£bNiQijxm=qoxL`{bYa!¡`kmwu=lhNiQijlwQ¢bYi
bY=qj£qjhYi{%xLwjwubYij|VxL`kmLqubYiY¬¶/xm=qjwk}wjbYa,b3=qﬃ»  °¯ ]vQf 7Qzr¾ ij|VhN{% `b¦b%no|¢«{%£qjb3a,bYLqk}`ii~xL
a,xoo_Y¢£b¦=lb{]`kLLl`b,xmhYbxo{3{%l`|Vbl±ŁLxm¢la,b|`wjhN{%«i3¯µoh`«ijiuk}¡`¢£b»³ŁmxL¢£xL=qjh[¹°{%l`¡VbL¯ij|]_3wubm¯
{3s¢£`owub¼3¼Y¼/¶/b3|6b3`km=qY¯m¢«k A3xLbUh3quk}=qQoh`bU|`kmw[¢k#|6xmwjqjhYbrobU{3xma,a!l`{Yk(qjxmol¦{Yk}¢«{%l¢«k(qub3lw
kLijijxo{%hm¯¢bYirqjbN{]xL¢£xLmbYiUob{%xLaal«{3k}qjxm³b3a,|¢x(smhYbYirkL{Dqulb3¢¢£bYa,b3=qr¢£a,£qjb3=q#¢kxmwuab»¦lb
ij|]_YwjbL¬9]vQf7/zr¾ h%qukm=q#l`±ijsoitqu_3a,b|]soi~«=lbm¯°¢QoxL²qxLlwu£wl`Æa,hN{3k}`ija,b,»³¢; k}||¢«{3k(qu£xL
|6xml`w)b%nqjwk}wjb/lbUoxLhYb/|`kmw~qu{3l¢£_Ywjbol,{%xLLqub%nqjbL¬}\xLloq[{%xLaa,b
 I¯]vQf 7Qzr¾¥ºk}£q[¢£b{]xL²n
µ loqu£¢«i~bYwl³bYij|`km{3b#b#qjl|¢bYiY¬
ÀÁ # Å ﬁ # ﬁ 
(Á"
O oÂ ﬀ9Á  ]vQf7/zr¾©loqu£¢ijbQl`ﬃa,hY{3km«i~a,b/µ bNi~|`kL{%bQb[qjl`|¢£bNii~qjwu£¡`lhm¬
¶/]Vkm=lb¤ lV§bYi~qhNLl`£|6hÆµ l?bYij|`km{3b¨ob qjl|¢bYib%q³o«i~|6xLijb¨ob¨|¢l`i~b3l`wuixm|6h3wk(qu£xL`i|6xmlw
kL{3{3hYobYw/»ﬃ¢; bYij|`km{3bAobrqjl|¢bYi¹ Ll`VwubY{]bYwu{]`bUlqul|¢bm¯-.=lIk(ytxLloqjbAl¦qul|¢bm¯  


=lVwjbYŁmxmbl¦bY`ijb3a!¡`¢£brbUqjl`|¢£bNiQiuk}`iQ¢£bNiQijl||wuabYwY¯=l`qjbNitqubr¢«k|wuhYijb3`{3bU° l`qjl|`¢£b
b3q 

=l/i~l|`|wja,bl±qjl`|¢£bp¢£xo{3km¢9¬µbYixL|VhYwuk}qjxm`i 6¯  

b3q - k}Liuijb3=q#ijlw
¢; bYij|`km{3b¦obqjl`|¢£bNiﬃL¢£xL¡`k}¢;¬ 

b%q .¨ijxm=q!obNiﬃxL|VhYwuk}qjxm`i¢xo{3km¢£bNi3¬ba,x_3¢bpµ`k¤k¤h%qjh
{]`xm«i~/|`k}w{%bp=lµ ¢/|6b3wua,b%qbwuhYijxml`wjb¢bp|wuxm¡`¢£_Yabob¢«k¤ijh3¢bY{%qjxm´obNixmhYbYiY¯ak}«ik}l`iui~
|6xml`wUi~xLa,hY{Yk}«ijabobﬃijs`{]wuxm«iuk(qjxmpb%qU¢«kija|`¢£«{%£qjhﬃobNi|wuxmLwukmaa,bNiQwuhYkm¢£«i~hNi3¬

 ﬁÅﬀ9Ä oÂﬁﬀºÁ  ]ovQf7QzA¾|VbYwja,b%q#ob,oh3ŁLb3¢xm||6b3weobYiek}||`¢£«{3k}qjxm`iA{%xm=qub%nqjlbY¢£¢bYiAb%no|¢xm£qukm=q
¢b,{%xm=qub%nqjb|]soi~«=lbb¢; lqj¢£«ijk}qjbYlwY¬J8r¨Llb|6xmlw#b3n|6xLij£qjxm¨kxmquk}a,a,b3=q#h%quhwuhYkm¢£«ijh!b%q
b3no|VhYwja,b3=qjh»e¢k
 "'0 2)T ^-"$-.)
= >Ì¬=¶/b%qjqjbk}||`¢£«{3k}qjxm|`k}wjqukmmb/kXŁLbY{¶/xxm¢«\x¢9 loqj¢iuk(qu£xL
µ h3qj«Ll`b%q~qubYi<Æb3¡§|6xml`w¦b3wu«{]£w¢; b3Ł£wuxm`b3a,b3=qY¬[bYixL¡oytb%qib%no|6xLijhYiijxm=qpoxL`{ kmiui~xo{3£hNi»
/ﬃ0 _/21
 
	
ﬀﬂﬁﬃﬂ !ﬃ#"$ﬃ%&"'()*"$+,!-./0ﬂ12#,3'34
L
<"Balance"> (1)
<"Microscope"> (1)
Web
Pages Web (4)
Adresses de pages Web (3)
Microscope, Balance (2)
Moteur de recherche
 I
$  
 ﬁﬃ, "$2 "')*,3`ﬂ134ﬃ"'0ﬃI,  -./0ﬂ120 , /"  
bYiqjl|`¢£bNiwub3|`wjhNi~bYLqk}=qijxm£q,l´a,x}q¢b
hY{%wuŁXkm=qijxm£q¢; kLowubYiui~b
° l`b³|`k}Lb <Æb3¡ :$8rfr`;¢£b
{3xm`{3b3wu`k}=qN¬
b!{%xLLqub%nqjbobﬃ¢; loqu£¢«ijk}qjb3l`wrbYi~qA{3xm`i~qj£qjlhi~bY¢£xL ob3lon³bYij|`kL{%bYiroi~qj`{%quiY¯V¢; bNi~|Vkm{%b!|]sij«Ll`b
b3qr¢b<¨bY¡µ¬IµbYira,x}quirb%q 8AfUOwub3|`wjhNi~bYLqub3=q¢£b{%xLLqub%nqjb|`]=soij=lbL¬VbYiUa,xmquirijxm=qUloqu£¢«i~hNiU|6xmlw
b3ª6bN{Dqulb3wlbAwjbNLl '%qjbekXŁmbN{^Łmb3wi[l`pa,x}qub3lwobrwubY{]bYwu{]`br=lVwub3ŁLxmb¢9 8rfUÆobNiQ|`kmmbNi <Æb3¡¦¢bYi
|`¢£l`i0|wuxo{]bYiY¬}¶/bYi0|`k}LbYiwjbY|wuhYijb3=qjbYLq0¢£b^{%xL=qjb%nqub <Æb3¡ob^¢9 loqj¢iuk(qub3lwN¬(µbaxmqjbYlw)ob/wubY{]`b3w{]b
hYŁ(k}¢lbﬃ¢«k¦o«itqk}`{3bﬃb3=qjwubﬃl`bﬃ|`k}Lb<Æb3¡ b%qel¤LwjxLl|Vbﬃb!a,x}qiUb3 wub3=k}wk}=qN¯o|`k}wAb%nob3a,|¢bm¯6i~
¢bYi^a,xmquiUijxm=q|wuhYijb3=qui^km`i^¢k,|Vk}mbexml³¡b3³iY ¢irk}||`kmwukmiuijb3=qkm`iijxmqj£qjwubm¬F0`k}¢b3a,b3=qN¯¢£b
Ll«ob|`wjxL|Vx=i~b,»p¢; loqj¢£«iuk(qjbYlwﬃk}lVijijﬁ¡£bY¨¢bYiD8AfU |wuhYijb3=qjbNie`k}`i#ijxm±{%xm=qub%nqjb|]soi~«=lb=lb
ijxmO{3xm=qjb3nqjb <Æb3¡µ¯)k `´ob¢£l/xml`wjwbYi£oxLwjak}qjxm`ii~lw¢£bNi!xL¡oytb%qiﬃxLlOb%no|6h3wu£bY`{%bNi!=lµ £¢
wub3=k}wobm¬
k`Llwub/U|`wjhNi~bYLqub{3b%qjqjb^k}||¢«{3k(qu£xLµ¬XµbYi0a,x}qiﬁi~xLLqﬁo«itquwj¡lhNi0ijlw0¢£bNiﬁitqk}`i0° b%no|6xLij²qu£xL
Ł«kﬃl
{3km¢{3l¢k}qjbYlwiuk}Vi `¢°=l6|VbYloqU{%xLaal«=lb3w^kXŁmbN{¢£beml`obeolpŁ«i~£qjbYlwN¬brLlbeoh3qjbN{Dqjb
quxmloq° k}¡6xmw¢bYi/axmquiY¯|l«iQºkm²q^lbewubY=l '%qubrŁLb3wiQ¢bra,x}qub3lwobewubY{]bYwu{]brb%q^loqj¢£«ijbA¢brwuhYijl¢£quk(q
|6xml`w{]`kmwjLb3w[¢bYi/|`kmmbYi <Æb3¡{3xmwuwjbNi~|6xmVk}=qjbNi3¬mvﬁkmwijxmlV{%IobA{3¢kmw~quhm¯=¢k `mlwubr`brwub3|wuhYijb3=qjbA|`kmi
¢bYi8AfU owjbN{Dqub3a,b3=qUkmiui~xo{3£hYbYi^k}lonxm¡oytb3quib3n|6xLijhYiY¯µ¢bYiAYxmbNi^{%xm=qub%nqjlbY¢£¢bYiY¬
 M#L @U U 	"
U
  
  
XÂ  ﬁ # ﬁ #0Á   ﬁ
vﬁb3bYwﬀ<±k}wub@=£cXE>[bNitqﬃl±a,«o¢b^k}wubohNoh¦»¢«k {%wuhYk}qjxmÆ° km||¢{Yk(qu£xL`i#a,xm¡¢£bNib%qXxLl¨|`km£w
»¨|`km£wN¬ﬁv0bYb3wﬂ<ÆkmwjbbYi~q|wjxo{]b
ob  Oak}«ib³wjbY|Vx=i~b|`kmi,ijlw,l bYij|`km{3b
obqjl`|¢£bNi3¬)·®¢bNitq
¡Vkmijhpi~l`wl`bi~qjwul`{Dqulwjb
obxmhYbYik}||6b3¢h3b.+A¾ ] |6xmlw¹ +e¢xm¡`km¢A£wjqjlVk}¢/¾ek(qk ]=quwjlV{Dqjl`wjbNi3¬
b |wu£`{3£|6b ob |`k}wjqukmmb obYioxm`h3bNi¦k}Vil +A¾ ]©bNitqpij£a,¢km£wub¤»O{3b3¢lUloqu£¢ijh km`i¦l`
bNi~|Vkm{%b ob³qul|¢bYioi~qjwu¡lh[¹[¢bYip{3k}¢«{%l`¢k}qjb3l`wui{3xmbN{DquhYixLLq¦¢«k±Łijxm©° l`§bYij|`km{3b³{3xma,a!l`
{3xmwuwjbNi~|6xmVk}=q»A¢9 lxmobYibYij|`km{3bYi¢£xo{Yk}lon°¬E8U(+e¾ ]!b^oh V²qﬁ|`kLi¢«kAi~qjwul`{%qjlwub/obNiﬁoxm`h3bYi
`¢bYiAxm|6h3wk(qu£xL`iU|6xmlwes km{Y{%hYb3wN¯V{} bYi~q»¢9 k}|`|¢£«{3k}qjxm b!¢b!ºkm£wubm¬Vv0bYb3wﬂ<Ækmwjb!ºk}£qA¢b{]xL²n¤ob
_`_
Ûbadc)e)f.g
C  
, *bﬃ,ﬀ- 	*ﬀ
Pair 2
Pair 1
GVDS N2
D5 D7
N1
D6
D1
D5 D6
D1
D2
N3
N5
N5
N3
N4
N3
D3 N7 N8
N6
N9
N2
N7
N6
N8
N9
N2
N1
N1
D4
D3
D4
D8
D8
D7
N4D2
 cN
$
 
) ﬁV 2)D"'()*"$
 2
 
ﬂ  ﬃﬀ
wub3|`wjhNi~bYLqub3wA¢£bNiexmhYbYiA|`k}w#l`b!xLw '3q#° k}wu¡wubYiAkXsLk}=q#obYiewkm{%bNiAo«i~qj`{DqubYiY¬IbYiAb3l`£¢¢£bNi#obYi
kmwj¡`wjbNiijxm=qrobNioxo{%la,bYLqib%qr{3xmwuwjbNi~|6xmVob3=qUk}lon
oxm`h3bYiU|`k}wjqukmmh3bNi|`k}w¢bYi l`iY¬µxmwiuLl`b
|`¢£l`ijb3lwi!|Vk}wuii~xL=q,{3xmbN{DquhYi¢£bNi l`i,=l^|VxLw~qub3=q¢b
a('Ya,bxLa.b%qxo{3{3l|VbY=q¢«k a 'Yab
|`¢kL{%brkm`i[¢; k}wu¡wjbUijxm=qQwub3|`wjhNi~bYLquhYiﬁ|`kmwQli~bYl¢` lVk}`iQ¢k!itquwjl`{%qjlwubUL¢£xL¡`k}¢b:º{%`mlwubﬃcN2;D¬
zŁmbN{lbqjbY¢£¢b,itquwjl`{%qjlwubm¯V¢ki~hY¢£bN{Dqu£xL ° lb,oxm`h3b!`bijbﬃºk}£q#|¢£lVir|`kmwA¢; £=qjbYwja,hNokm£wub!ob,iuk
ijm`k}qjlwub¦{%xLaa,bp`k}`iﬃ£Vk¯a,kmi!Łk iuk |¢«km{3bpk}Vi¢9 k}wu¡6xmwubYiu{%b3V{%bm¬ 8rO|wuxmLwukmaa,b,|6b3loq
|Vk}w#b%nob3a,|¢b,a,x `bYw#¢9 b3`ijb3a¡¢b,bYioxo{%l`abY=qui#k(qjqukm{]`hYi#»
l¨ l`°¯°¢«kp|6xLij²qu£xLÆl¨ lV
h3qukmLq|`kmiuijh3brbYp|`kmwukma,_%qjwubm¬o¶/b%qjqjbexmwuLk}`iuk(qu£xLbNitqij£a,¢km£wubA»!¢9 xmwuLkmiuk(qu£xL° l`
ijsoitqu_3a,bAob
6{]£bYwuiY¯o»,¢k,o£ªIh3wub3`{3be|`wj_NiLl l ijsoitqu_3a,bob V{]b3wiklbwkm{%bel«=lbm¬
z§|Vk}wjqjwQola,xma,b3=q[x2\vﬁbYb3wﬂ<Ækmwjb^bYi~q/ohY|¢x(smhi~l`wQobYi[qjbYwja,`k}lona,xm¡¢£bNi3¯m£¢V|VbYwja,b%qN¯}|6xmlw
¢bYiQa '3a,bYi/wukmijxmVi)Ll`b I¯obUwuhYk}¢«i~bYw[b%q^obrak}`£|l`¢£bYw/obNiQ{%xL=qjb%nqubYi[|`]=soij=lbNi3¬L·®¢VbNitqoxm`{
kLk}|qjhk}l³oh3ŁLb3¢xm||6b3a,bYLqU° k}|`|¢£«{3k}qjxm`i{3xm=qjb3nqjlbY¢£¢bYi^wub3|6xLiuk}=qi~lw¢; k}||wuxo{]b#|]soi~«=lbm¬
  
ÀFÁ # =Å ﬁ# ﬁB
(Á  
O Â ﬀºÁ 
vﬁb3bYwﬀ<±k}wub|wuxm|6xLijbﬃob3ln {Yk(quh3mxLwjbYiµ xL|VhYwuk}qjxm`iUijlwU¢bYiAoxm`h3bNiµ¹`¢bYirxm|6h3wk(qu£xL`iUk}Liuiuk}=q
ijlwA¢£bNiroxLh3bNi¢x{Yk}¢bYirb%qA{3b3¢¢£bNirijlwr¢bYiAoxm`h3bYirm¢xm¡`km¢£bNi3¬V\xLloqjbNiU¢bYiUxL|VhYwuk}qjxm`irob!{%wuhYk}qjxmµ¯
a,xoo V{3k}qjxmb%q)b%ª°km{3b3a,b3=q[ob^ l``iﬁxml,oxo{%la,b3=qi)i~xLLq)¢xo{3k}¢bYiY¬(keob3wu_3wub^xm|6h3wk(qjxm¢£xo{Yk}¢b
{3xmwuwjbNi~|6xmVpk}l³ij£L`k}¢b3a,b3=q° l³h3ŁmhYb3a,bYLqN¬vﬁb3bYwﬀ<±k}wubA|`wjxL|Vx=i~bAqjwuxm«i^xm|6h3wk(qu£xL`ixm|6h3wk}=q^ijlw
¢«k!i~qjwul`{%qjlwubrL¢£xL¡`k}¢b[¹ 
V¯ "
!" $!-#b%q  
% .	!" $!
-`¬Nkﬃ|wub3a,_3wubrxm|6h3wk(qu£xL
b3nohY{%lqjb¦l`bpkm{%qjxmOijlw!l bY`ijb3a!¡`¢£bpboxo{%l`abY=quiY¬97[¢¢£b|wub3`±bY |`k}wk}a,_%quwjbl` b3`ijb3a¡¢£b
b V¢²quwjbNiLl`Uoh%qub3wuabYLq¢bYioxo{3la,b3=quiijlw,¢£bNij=lbY¢i,¢; km{Dqu£xL kmmwuk`¬)¶/b3q~qub
xL|VhYwuk}qjxm½|VbYw~­
a,b3qpob oiuijh3a,£`b3w¦ijlw¢£bNi{3km¢{3l¢k}qjbYlwuibYi,xm|6h3wk(qu£xL`i,»Æb%ªIbY{Dqulb3wp¢£xo{3km¢£bYa,b3=qY¬[kÆijbY{3xm`b
xL|VhYwuk}qjxm |6b3wua,b%q»¦l¤|`wjxLmwk}a,a,b!obiY b3wub3Li~qjwub3wU|6xml`wA¢; xo{Y{%lwuwjbY`{%b° l¤h3ŁLh3bYa,b3=qY¬7[¢¢£b
|`wjbY`OhYLk}¢b3a,bYLq,l b3`ijb3a¡¢b
ob `¢£qjwubYibY´|`kmwukma_3qjwub=lUoh3qjbYwja,b3=q¢£bNi,oxo{%la,b3=qiijlw
/ﬃ0 _/21
 
	
ﬀﬂﬁﬃﬂ !ﬃ#"$ﬃ%&"'()*"$+,!-./0ﬂ12#,3'34
=
1 2 3
5
4
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